The following compounds were prepared analogously:
(3E,3aR*,6aS*)-Diethyl 3-(4-methoxybenzylidene)-3,3a,6,6a-tetrahydropentalene-1,1(2H)-dicarboxylate. Colorless oil (50%); the stereochemical assignment is based on NOE experiments 2, 170.0, 157.7, 140.9, 132.3, 130.4, 129.2, 129.0, 122.6, 113.2, 63.9, 61.0, 60.9, 57.2, 54.9, 44.2, 35.6, 35.2, 13.8, 13 .5 ppm; IR (ATR) : v = 2956, 2924, 2853, 1729, 1607, 1575, 1510, 1464, 1366, 1297, 1249, 1175, 1157, 1074, 1033, 845 C NMR (100 MHz, CDCl 3 ): δ = 171. 6, 169.8, 144.3, 137.9, 128.2, 128.1, 126.9, 126.5, 126.1, 123.5, 63.2, 61.5, 61.4, 44.6, 41.9, 36.6, 24.6, 21.1, 14.1, 13.9 ppm; IR (ATR): v = 2937 , 1728 , 1247 , 1222 , 1196 , 1173 4, 139.9, 136.4, 135.3, 129.8, 129.1, 128.5, 128.2, 127.3, 127.0, 124.1, 123.9, 57.5, 49.8, 44.2, 26.1, 23.3, 21.5 ppm; IR (ATR): v = 2922 , 1598 , 1343 , 1161 , 1092 , 1058 , 1033 , 1016 C NMR (100 MHz, CDCl 3 ): δ = 171. 4, 171.2, 170.8, 157.0, 139.5, 131.9, 129.9, 129.0, 128.8, 127.2, 127.0, 126.8, 126.4, 124.9, 112.8, 112.5, 60.3, 60.2, 60.0, 59.5, 58.2, 58.0, 54.2, 46.0, 41.2, 39.8, 39.0, 38.8, 34.5, 27.2, 25.8, 24.5, 23.9, 23.5, 21.5, 19.5, 13 .2 ppm; IR (ATR) : v = 2936, 1727, 1607, 1509, 1445, 1366, 1242, 1175, 1094, 1032, 856 (3E,3aS*,4Z,8aS*)-Diethyl 3-benzylidene-3,3a,6,7,8,8a-hexahydroazulene-1,1(2H)-dicarboxylate. Yellow oil (63%); The stereochemistry was assigned based on NOE experiments.
1
H NMR (400 MHz, CDCl 3 ): δ = 7.27 (m, 5H), 6.27 (dd, J = 4.8, 2.4 Hz, 1H), 5.86 (m, 2H), 4.19 (m, 4H), 3.45 (d, J = 11.6 Hz, 1H), 3.31 (dd, J = 18, 2 Hz, 1H), 2.86 (dt, J = 18, 3.2 Hz, 1H), 2.32 (m, 1H), 2.2-1.3 (m, 6H), 1.19 ppm (m, 6H); 13 C NMR (100 MHz, CDCl 3 ): δ = 170. 7, 168.4, 144.7, 137.9, 135.4, 132.3, 127.9, 127.40, 125.7, 121.77, 62.2, 60.8, 60.7, 49.1, 39.6, 39.1, 32.8, 29.3, 26.1, 13.8, 13.7 ppm; IR (ATR): v = 2955 , 2924 , 2854 , 1727 , 1599 , 1491 , 1445 , 1367 , 1252 , 1186 , 1095 , 1031 C NMR (100 MHz, CDCl 3 ): δ = 170. 7, 170.4, 151.0, 132.1, 129.1, 105.0, 60.4, 60.0, 52.3, 45.1, 40.0, 28.7, 27.7, 23.8, 22.7, 13.1, 13.0 ppm; IR (ATR): v = 3075, 2932 , 2862 , 1728 , 1647 , 1295 , 1253 , 1185 , 1098 , 1052 , 1019 C NMR (100 MHz, 71.1, 142.4, 133.5, 129.4, 115.4, 70.0, 60.6, 52.9, 45.4, 37.6, 28.3, 27.4, 24.2, 23.3, 13.9, 13.6 ppm; IR (ATR): v = 3014, 2980 , 2931 , 2860 , 1729 , 1647 , 1462 , 1447 , 1251 , 1270 , 1195 , 1178 , 1100 , 1020 2, 170.8, 144.9, 137.8, 133.2, 130.0, 127.9, 1.8, 60.8, 60.7, 52.0, 47.3, 39.7, 28.4, 27.3, 24.5, 23.8, 13.8, 13.7 ppm; IR (ATR): v = 3056, 2980 , 2933 , 1727 , 1600 , 1447 , 1367 , 1252 , 1190 , 1158 , 1098 , 1036 = 138.0, 131.9, 130.8, 128.7, 128.3, 127.8, 1, 70.5, 58.6, 57.9, 50.2, 29.6, 27.9, 24.9, 21.1 ppm; IR (ATR): v = 2925 , 2854 , 1741 , 1494 , 1450 , 1260 , 1073 , 1028 143.5, 138.2, 136.5, 133.2, 132.4, 129.6, 128.5, 128.4, 128.1, 127.6, 126.9, 121.1, 66.3, 53.1, 49.7, 31.7, 27.6, 25.2, 21.5, 21.3 ppm; IR (ATR): v = , 1345 , 1160 , 1091 , 1030 , 813, 752, 693, 662 cm 2924 , 2854 , 1448 )-3,3a,7,8,9,9a-hexahydro-2H-cyclo-3 , exyl-2-oxoethylidene)-3,3a,7,8,9,9a-hexahydro-2H-ropylmethylene)-3,3a,7,8,9,9a-hexahydro-2H-cyclo- 145.3, 136.0, 132.1, 130.3, 128.7, 127.2, 120.1, 118.8, 61.1, 60.2, 60.1, 51.3, 46.7, 38.9, 27.7, 26.8, 23.8, 22.7, 13.1, 13.0 ppm; IR (ATR): v = 2977 , 2929 , 2859 , 1724 , 1588 , 1488 , 1367 , 1249 , 1187 , 1096 , 1073 , 1008 = 203.1, 170.9, 170.8, 165.8, 131.4, 130.9, 118.1, 61.3, 60.8, 60.7, 51.5, 51.0, 47.7, 41.8, 29.3, 28.2, 23.1, 13.7, 13.6 ppm; IR (ATR): v = 2928 , 2854 , 1724 , 1683 , 1618 , 1448 , 1367 , 1246 , 1189 , 1096 , 1047 171.5, 140.6, 133.8, 129.8, 125.3, 61.5, 60.9, 60.8, 52.9, 45.8, 38.2, 28.7, 27.7, 24.8, 23.7, 14.1, 14.0, 11.0, 6.6 929, 2895, 1724, 1446, 1366, 1247, 1181, 1095, 1074, 1047, 1018, 970, ppm 9, 172.1, 151.9, 133.4, 131.1, 122.1, 69.4, 62.3, 62.2, 57.1, 51.9, 30.3, 28.7, 26.2, 25.5, 21.6, 15.8, 14.5, 0.1 ppm; IR (ATR): v = 2931 , 1914 , 1725 , 1633 , 1446 , 1366 , 1308 , 1248 , 1202 , 1181 , 1095 , 1070 , 1043 MHz, 34.0, 130.4, 128.3, 128.2, 121.1, 112.7, 97.0, 67.9, 62.7, 54.2, 51.7, 47.3, 42.3, 40.4, 27.7, 26.6, 25.7, 23.7, 23.3, 19.1 ppm; IR (ATR): v = 2927 , 2113 , 1607 , 1510 , 1249 , 1199 , 1065 , 1035 = 170.6, 157.5, 143.1, 134.5, 13.4, 67.6, 66.8, 64.4, 54.8, 51.9, 48.3, 46.7, 37.6, 28.3, 25.6, 25.3, 24.3, 24.0, 20.6 ppm; IR (ATR): v = 2971 , 2929 , 1738 , 1607 , 1510 , 1463 , 1365 , 1241 , 1230 , 1177 , 1034 4, 145.6, 135.1, 131.1, 128.1, 127.4, 119.7, 112.5, 65.9, 63.4, 54.2, 50.7, 50.2, 48.7, 36.3, 28.0, 25.2, 23.7, 23.6, 17.1, 17.0, 16.8, 16.7, 11.7, 11.5, 11.0, 10.9 ppm; IR (ATR): v = 2940 , 2865 , 1711 , 1605 , 1510 , 1462 , 1247 , 1174 , 1093 , 1061 137.4, 132.0, 128.9, 128.5, 127.9, 126.4, 119.7, 84.4, 70.3, 49.7, 31.1, 27.2, 25.2, 20 .1 ppm; IR (ATR) : v = 2924, 2853, 1729, 1599, 1449, 1260, 1060, 1045, 1012, 951, 804, 754 9, 171.6, 150.4, 133.07, 132.6, 107.0, 61.5, 61.1, 61.0, 54.6, 49.4, 40.5, 30.9, 27.9, 27.0, 26.5, 25.7, 22.6, 14.1, 14.0 ppm; IR (ATR): v = 3037, 2925 , 1725 , 1457 , 1366 , 1244 , 1177 , 1095 , 1048 4, 137.6, 137.4, 136.4, 133.0, 129.6, 128.4, 128.1, 127.7, 126.9, 122.4, 64.4, 52.7, 32.9, 31.5, 29.7, 26.7, 24.1, 23 2, 136.9, 128.5, 127.9, 127.6, 126.5, 121.2, 83.9, 70.0, 57.3, 32.7, 32.3, 27.6, 25.4, 2 v = 2923, 2857, 1447, 1048, 1024, 996, 961, 915, 758, 712 9, 171.7, 166.8, 146.9, 142.8, 134.2, 132.3, 129.9, 128.6, 128.3, 122.8, , 52.5, 40.1, 31.5, 29.4, 28.1, 26.9, 26.4, 25.6, 22.9, 14.7, 14.5, 14.4 2978, 2928, 2859, 1714, 1606, 1566, 1444, 1366, 1271, 1180, 1154, , 860 171.8, 145.4, 139.7, 133.4, 129.9, 129.2, 127.6, 127.3, 126.9, 125.9, 122.7, 120.0, 109.3, 61.9, 61.6, 61.4, 52.5, 40.1, 39.3, 28.2, 26.8, 26.5, 26.1, 25.9, 25.4, 14.5, 14.4 ppm; IR (ATR): v = 2924 , 2858 , 1723 , 1599 , 1496 , 1455 , 1367 , 1327 , 1257 , 1204 , 1186 , 1094 , 1069 , 1044 , 1015 70.3, 149.9, 131.9, 131.4, 106.0, 60.7, 60.1, 60.0, 53.0, 49.0, 39.8, 30.6, 28.8, 24.7, 23.9, 23.8, 23.4, 22.9, 13 .1, 13.0 ppm; IR (ATR) : v = 3042, 2929, 2859, 1726, 1446, 1367, 1245, 1096, 1044, 859, 799 8, 137.4, 133.3, 130.9, 128.4, 127.9, 126.5, 121.7, 82.2, , 24.7, 23.7, 23.6 ppm; IR (ATR): v = 2922 , 2854 , 1491 , 1460 , 1445 , 1091 , 1052 , 1029 3 ): δ = 143. 2, 139.7, 136.6, 134.3, 134.2, 130.2, 5, 127.0, 122.8, 62.7, 54.9, 51.4, 35.4, 33.5, 26.9, 26.0, 25.6, 24.0, (ATR): v = 2925 2, 139.7, 136.6, 134.3, 134.2, 130.2, 5, 127.0, 122.8, 62.7, 54.9, 51.4, 35.4, 33.5, 26.9, 26.0, 25.6, 24.0, (ATR): v = , 2854 2, 139.7, 136.6, 134.3, 134.2, 130.2, 5, 127.0, 122.8, 62.7, 54.9, 51.4, 35.4, 33.5, 26.9, 26.0, 25.6, 24.0, (ATR): v = , 1597 2, 139.7, 136.6, 134.3, 134.2, 130.2, 5, 127.0, 122.8, 62.7, 54.9, 51.4, 35.4, 33.5, 26.9, 26.0, 25.6, 24.0, (ATR): v = , 1493 2, 139.7, 136.6, 134.3, 134.2, 130.2, 5, 127.0, 122.8, 62.7, 54.9, 51.4, 35.4, 33.5, 26.9, 26.0, 25.6, 24.0, (ATR): v = , 1447 2, 139.7, 136.6, 134.3, 134.2, 130.2, 5, 127.0, 122.8, 62.7, 54.9, 51.4, 35.4, 33.5, 26.9, 26.0, 25.6, 24.0, (ATR): v = , 1346 2, 139.7, 136.6, 134.3, 134.2, 130.2, 5, 127.0, 122.8, 62.7, 54.9, 51.4, 35.4, 33.5, 26.9, 26.0, 25.6, 24.0, (ATR): v = , 1160 2, 139.7, 136.6, 134.3, 134.2, 130.2, 5, 127.0, 122.8, 62.7, 54.9, 51.4, 35.4, 33.5, 26.9, 26.0, 25.6, 24.0, (ATR): v = , 1090 2, 139.7, 136.6, 134.3, 134.2, 130.2, 5, 127.0, 122.8, 62.7, 54.9, 51.4, 35.4, 33.5, 26.9, 26.0, 25.6, 24.0, (ATR): v = , 1030 171.3, 157.9, 141.7, 133.2, 133.0, 130.9, 129.5, 122.3, 113.7, 62.3, 61.2, 61.1, 56.0, 55.2, 49.8, 39.4, 31.4, 29.5, 25.8, 25.4, 25.3, 25.1, 24.1, 24.0, 14.1, 14.0 ppm; IR (ATR): v = 2933 , 2871 , 1725 , 1607 , 1510 , 1444 , 1366 , 1248 , 1177 , 1034 7, 171.1, 146.1, 136.3, 133.5, 133.3, 132.7, 129.7, 129.4, 127.5, 126.3, 120.0, 62.1, 61.3, 61.1, 55.4, 49.5, 38.8, 31.6, 29.6, 25.7, 25.6, 25.0, 24.9, 24.3, 24.1, 14.1, 14.0 ppm; IR (ATR): v = 2978 , 2933 , 2867 , 1724 , 1443 , 1366 , 1244 , 1094 , 1035 ; elemental analysis calcd (%) for C 28 H 37 ClO 4 : C 71.09, H 7.88; found: C 71.14, H 7.79. 171.6, 158.3, 141.4, 134.0, 132.5, 132.1, 131.9, 131.6, 130.8, 130.2, 129.8, 122.6, 114.1, 62.3, 61.7, 61.6, 56.1, 55.6, 51.1, 39.6, 36.6, 33.9, 33.6, 30.7, 14.5, 14.4 ppm; IR (ATR): v = 2971 , 2914 , 1724 , 1607 , 1510 , 1442 , 1366 , 1246 , 1176 , 1155 , 1096 , 1032 2, 133.7, 133.1, 132.7, 121.8, 118.6, 67.9, 61.7, 61.1, 61.0, 54.8, 5.7, 25.6 2930, 2859, 1725, 1445, 1367, (71) 6, 143.5, 139.4, 137.8, 128.3, 126.3, 123.9, 116.6, 61.6, 59.5, 49.7, 39.6, 38.7, 14.0 8, 170.6, 149.2, 148.9, 137.7, 137.7, 135.8, 124.3, 116.9, 116.5, 107.1, 106.4, 64.8, 61.9, 60.5, 60.3, 54.3, 51.1, 44.8, 42.2, 39.5 9, 170.3, 138.3, 137.8, 137.3, 126.5, 125.9, 116.7, 116.3, 60.6, 60.4 171.0, 170.6, 146.3, 146.1, 142.2, 138.0, 136.1, 134.4, 128.1, .3, 118.7, 118.3, 61.8, 61.2, 61.1, 61.0, 56.9, 54.4, 44.5, 42.1, 39.3, 36 .4, 1.1 ppm; IR (ATR) : v = 2983, 2948, 1727, 1683, 1602, 1363, 1265, 1189, 991, 804, 170.0, 145.2, 140.3, 137.4, 135.5, 127.4, 127.3, 126.9, 124.3, .9, 118.1, 117.7, 64.8, 61.1, 60.7, 60.6, 60.4, 60.2, 56.1, 53.6, 43.9, 41.5, 13.1, 13.0, 12.9, 10.5 ppm; IR (ATR): v = 2981 , 2945 , 1725 , 1616 , 1415 , 1367 , 1323 , 1257 , 1162 , 1121 , 1066 , 1016 .7, 149.5, 138.3, 137.4, 129.0, 127.8, 127.0, 118.1, 107.6, 63.4, 4.0, 13.4 ppm; IR (ATR): v = 2982 , 2927 , 1723 , 1253 , 1208 , 1178 , 1096 , 1039 0.7, 129.0, 127.5, 122.3, 113.8, 65.5, 60.7, 60.6, 58.8, 54.9, 46.6, 37.8, 34.5, 22.3, 21.3, 19.7, 13.7, 13.6, 13.2 ppm; IR (ATR): v = 2986 , 2960 , 2954 , 1726 , 1608 , 1510 , 1464 , 1366 , 1246 , 1176 , 1095 , 1073 , 1035 7, 170.9, 148.8, .8, 61.4, 61.2, 54.8, 43.4, 37.6, 32.3, 32.0, 14.0, 13.9 ppm; IR (ATR): v = 2981 , 1728 , 1235 , 1194 , 1159 , 1141 , 1086 , 1022 127.6, 115.9, 108.9, 65.9, 53.5, 52.0, 37.5, 21.5, 18.5, 14.0 5, 137.7, 136.1, 129.8, 129.6, 128.5, 127.1, 127.1, 124.1, 118.4, 59.9, 58.2, 51.2, 26.9, 21.5, 20 .1 ppm; IR (ATR) : v , 1493, 1448, 1343, 1159, 1092, 1050, 913, 814, 756, 730, 707, 693, 129.8, 129.6, 129.4, 129.1, 127.6, 127.1, 123.5, 118.2, 113.9, 60.0, 58.2, 55.3, .1 ppm; IR (ATR): v = 2974 , 1608 , 1511 , 1343 , 1250 , 1160 , 1082 , 1033 io-2-cyclohexen-1-yl)-propanedionic acid diethyl ester. 6 To a stirred solution of [cis-(4-acetoxy)-2-cyclohexen-1-yl]-propanedionic acid diethyl ester (500 mg, 1.68 mmol) and Pd(PPh) 4 (195 mg, 10 mol %) in CH 3 CN (12 mL) was added NaBD 4 (140 mg, 3.35 mmol). After 60 h, the reaction was quenced with aq. sat. NH 4 Cl, the aqueous layer was extracted with tert-butyl methyl ether, the combined organic phases were washed with brine, and dried over Na 2 SO 4 , the solvent was evaporated, a 9, 169.8, 131.5, 128.7, 128.1, 127.9, 127.8, 123.5, 85.3, 83.2, 61.4, 61.3, 60.4, 38.8, 24.5 132.0, 128.7, 72.7, 6 = 2934, 1730, 1449, 239 (14), 193 (29) .27 (t, J = 7.1 Hz, 3H), 8, 61.7, 56.9, 37.0, 35.0, 33.2, 30.9, 24.6, 22.8, 14.0, 13.9 ppm; IR (ATR): v = 2938 , 1782 , 1732 , 1371 , 1216 , 1148 , 1096 , 1027 (trans-4-Deuterio-2-cycloocten-1-yl)-propanedionic acid diethyl ester. Pd(PPh) 4 (310 mg, 20 mol %) and NaBD 4 (14 mg, 059 mmol) were added to a solution of [(4-trifluoroacetoxy)-2-cycloocten-1-yl]-propanedionic acid diethyl ester (500 mg, 1.32 mmol) in CH 3 CN (9 mL). 4, 168.3, 136.4, 127.7, 70.0, 61.4, 61.3, 57.1, 38.9, 36.9, 33.6, 24.9, 23.4, 14 4, 168.3, 158.3, 156.8, 156.4, 130.3, 6 Franzén, J.; Bäckvall, J. A solution of this material (190 mg, 0.71 mmol) in THF (1 mL) was added to a suspension of NaH (2.5 mg, 0.1 mmol) in THF (2 mL) at 0 °C. After stirring for 30 min at room temperature, (3-iodo-1-propynyl)-benzene (222 mg, 0.92 mmol) was introduced and stirr followed by flash chromatography (SiO 2 , hexane/EtOAc) gave the title compound as a 13% C NMR δ = 170. 1, 170.0, 131.5, 131.4, 128.3, 128.2, 127.7, 123.5, 85.4, 83.0, 61.2, 61.2, 59.8, 39.0, 31.0, 29.6, 26.6, 26.5 7, 169.8, 144.4, 137.9, = 23 Hz), 126.4, 126.1, 123.5, 63.3, 61.5, 61.4, 44.6, 42.0, 36.6, 24.5, (ATR): v = 2979 , 2930 , 1728 , 1446 , 1260 , 1237 , 1178 , 1153 , 1062 The following compo 4, 134.8, 133.7, 129.6, 127.5, 126.7, 123.1, 117.1, 52.8, 50.7, 37.8, 26.6, 21. 5, 171.9, 138.7, 126.5, 125.2, 115.8, 61.5, 57.3, 40.1, 38.4, 38.2, 27 .1, 14.0 ppm; IR (ATR) : v = 3432, 3073, 3025, 2937, 2822, 1732, 1641, 1606, 1462, 1446, 1367, 1280, 1249, 1189, 1158, 1096, 1071, 1053, 1026, 861, 757 cm -1 ;
4-(cyclopropylmethylene)-2-methyl-

(2R*,3S*)-(4Z)-3-Ethenyl-tetrahydro-2-methyl-4-(phenylmethylene)-furan.
(11), 117 (100).
Diethyl 7-(trimethylsilyl)-1,3,3a,6-tetrahydro-2H-indene-2,2-dicarboxylate. Colorless oil 6%); the compound readily aromatizes when kept in air.
1 H NMR (300 Hz, CDCl 3 ): δ = 5.78 (m, 2H), 4.20 (q, J = 7.1 Hz, 2H), 4.17 (q, J = 7.1 z, 2H), 3.01 (m, 2H), 2.86-2.51 (m, 4H), 1.81 (t, J = 12.3 Hz, 1H), 1.25 (t, = 7.1 Hz, 3H), 1.23 (t, J = 7.1 Hz, 3H), 0.13 ppm (s, 9H); 13 C NMR (100 Hz, CDCl 3 ): δ = 172. 4, 171.9, 147.8, 126.9, 126.0, 125.6, 61.5, 61.4, 57.9, 8 Ni, Y.; Montgomery, J. (2E)-(3-cyclopropyl-2-propenyl)-2-propynyl]-propanedionic acid diethyl ester (100 mg, 0.36 mmol) in toluene (2.0 mL) was added to a solution of complex 4 (6.5 mg, 5 mol %) in toluene (16 mL) and the resulting mixture was stirred at reflux temperature under Ar for 2 h. For work up, moist tert-butyl methyl ether was added and all volatile materials were evaporated. The residue was purified by flash chromatography (SiO 2 , hexane/EtOAc) to give the title compound propynyl]-propanedionic acid diethyl ester (100 mg, 0.34 mmol) in toluene (1.4 mL) was added to a solution of complex 1 (5.2 mg, 5 mol %) in toluene (2.0 mL) and the resulting mixture was stirred at 90-95 °C under Ar for 2-3 h. For work-up, moist tert-butyl methyl ether was added and all the volatile materials were evaporated. The residue was purified by flash chromatography (SiO 2 , hexane/EtOAc) to give the title compound as a trans: cis = 6.7:1 (GC-MS)). The stereochemistry δ = 5.75 (ddt, J = 2.9, 11.0, 5.9 Hz, 1H), 5.57 (m, 1H), 5.55 5, 171.0, 141.7, .3, 61.1, 61.0, 60.9, 46.8, 46.2, 41.2, 26.3, 25.7, 14.7, 14.1, 14.0 ppm; IR 2935 IR , 1726 IR , 1241 IR , 1183 IR , 1094 IR , 1072 IR , 1046 IR , 1021 The following compounds were prepared analogously:
3,3a,6,7-Tetrahydro-8-trimethyl silanyl-2,2-(1H)-azulenedicarboxylic acid diethyl ester. Colorless 4, 171.3, 155.6, 133.4, 130.3, 129.6, 61.4, 61.4, 59.4, 41.2, 41.1, 41.0, 29.1, 27.7, 14.0, -0.3 v = 2953, 1731, 1273, 1247, 1186, 1155, 1067, 832, 754 4, 143.7, 140.5, 135.2, 131.1, 129.4, 128.1, 127.7, 126.2, 61.4, 61.3, 59.1, 41.6, 40.2, 40.0, 32.8, 26.8, 14.0 ppm; IR (ATR): v = 2980 , 1727 , 1250 , 1229 , 1191 , 1156 , 1068 , 1022 = 171.4, 157.9, 139.9, 136.1, 134.7, 131.1, .5, 61.4, 61.3, 59.1, 55.2, 41.7, 40.1, 32.9, 26.8, 14.0 ppm; IR (ATR): v = , 1244 , 1175 , 1156 , 1067 , 1026 61.5, 61.4, 59.0, 41.6, 40.1, 40.0, 32.8, 26.7, 14.0 pp 1251, 1223, 1193, 1156, 1068, 1014, 832, 731 cm 0, 144.3, 133.1, 129.9, 122.6, 67.1, 65.6, 44.3, 39.9, 39.4, 38.7, 26.3, 25.7, 20. 9, 134.4, 129.2, 121.1, 65.8, 64.2, 48.3, 39.5, 39.2, 38.9, 26.7, 25.9, 18.3, −5.5 ppm; IR (ATR): v = 2928 , 2856 , 1471 , 1250 , 1078 38.8, 132.3, 130.7, 124.2, 61.4, 61.2, 55.2, 40.3, 38.9, 35.0, 32.7, 27.8, 27.7, 14.1, 14.0 ppm; IR (ATR): v = 2933 , 2850 , 1728 , 1445 , 1299 , 1229 , 1204 , 1163 , 1095 , 1072 , 1042 , 1022 δ = 143.5, 135.9, 132.0, 129.7, 128.9, 127.9, 127.2, 121.7, 62.6, 54.6, .2, 25.9, 25.5, 21.5, 19.8 ppm; IR (ATR): v = 2928 , 1706 , 1337 , 1304 , 092, 1065 , 1047 = 171.6, 171.0, 134.7, 131.6, 130.0, 128.3, 61.0, 60.9, 60.8, 47.1, 46.5, 39.4, 14.6, 14.1, 14.0 ppm; IR (ATR): v = 2979 , 2933 , 1726 , 1251 , 1185 , 1095 , 1076 , 1042 , 1022 1, 170.7, 167.5, 160.2, 130.2, 127.9, 125.7, 61.5, 61.1, 61.0, 60.2, 49.0, 46.6, 42.0, 26.5, 26.2, 14.6, 14.3, 14.1, 14.0 ppm; IR (ATR): v = 2981 , 1726 , 1703 , 1367 , 1254 , 1234 , 1186 , 1095 , 1075 , 1056 , 1035 4, 170.5, 155.2, 132.3, 129.8, 129.1, 61.7, 61.1, 60.8, 48.6, 46.9, 41.5, 28.9, 27.8, 14.6, 14.1, 14.0, −0.4 7, 138.9, 135.7, 122.7, 61.7, 60.5, 40.4, 38.9, 14 . 6, 169.7, 140.3, 138.9, 134.3, 128.6, 125.6, 124.1, 79.4, 72.1, 61.7, 60.4, 58.1, 40.4 7, 171.6, 171.2, 171.0, 141.7, 132.7, 131.2, 125.0, 125.6, 118.9, 116.1, 61.5, 61.2, 59.5, 57.5, 40.6, 39.6, 38.5, 37.8, 37.0, 33.6, 14.0 ppm; IR (ATR): v = 2980 , 2933 , 727, 1445 , 1366 , 1279 , 1242 , 1205 , 1182 , 1095 , 1063 , 1026 picture is changed when t tacts in each of the four dependent molecules is formed, since the sum of the six distances (including Li ··· O) varies Substantial back-bonding of electron density from the metal into the π* orbital of the alkenes is evident from the considerable elongation of the C=C bond from a theoretical value of 1.34 Å in free COD to an average of 1.436(10) Å. Even more subtle effects result from the competition of the lithium cation and the iron center. In all four molecules the shorter of the two C=C double bonds is associated with a longer Li ··· C contact (and vice versa) , while the variance of the Fe-C distances does not follow this trend directly. However, the sum of all four Fe-COD bond lengths of each molecule is constant within 0.009 Å. As far as the Fe-Cp distances are concerned, there are significant differences between the five Fe-C bonds, which also remain significant after averaging the equivalent bonds in the four molecules. Interestingly, the Fe-C bonds do not show mirror symmetry with regard to the carbon atom closest to lithium but reflect the rotation of the Cp ring with regard to the COD ligand. This is in contrast to complex 3, which exhibits almost C s symmetry and where the Fe-C bonds follow a pattern with the shortest Fe-C distance for the carbon atom closest to the lithium atom, while the next pair of bonds is significantly longer and the next pair is still longer. In addition, there is a distortion of the Cp ring itself which has already been discussed by Jonas and Krüger. In complex 4 this distortion is only significant in the molecules with the iron atoms labeled Fe1 and Fe2, which are also the two molecules where the difference between the two COD double bonds is significant. The other two molecules display a more even distribution of C-C bond lengths.
The crystal structure of 4 also invites comparison with that of the [CpFe(cod)] radical. The effect of formal ingle electron reduction is even more noticeable in the distances of the Fe atom to the of he sum over all the close lithium con in only between 11.456 and 11.482 Å, the average being 11.475(11) Å. F movement of the ligands toward the Fe atom. Thus, whereas the average Fe-C distance to the COD ligand in the radial is 2.039(5) Å, in 4 it is 2.019(11) Å. In fact, the Fe-C distances to the COD ligand in 4 can be divided into two groups, with those that are further from the Li atom significantly shorter than those that are not (2.009(3) Å vs. 2.029(7) Å). s midpoints of the Cp rings: in the 4 it is 1.706(2) Å, while in the radical it is 1.790 Å. Clearly, the additional electron supplied by the Li atom in 4 results in stronger bonding of the Cp and COD ligands to the Fe atom.
Data were recorded using a Bruker-AXS KappaCCD-diffractometer with graphitemonochromated Mo-K -radiation (λ = 0.71073 Å). The crystal was mounted in a stream α cold nitrogen gas and measured at 100 K. The structures were solved by direct methods 12 and refined by full-matrix least-squares techniques against F 2 (SHELXL- Crystallographic data (excluding structure factors) have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication numbers CCDC 662118 -662121 Copies of the data can be obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge CB2 1 EZ, UK (fax: +44-1223-336033 or e-mail: deposit@ccdc.cam.ac.uk). 
